Pial venous reactions to perivascular microapplication of norepi nephrine (10-"-10-:1 M) were investigated. The sample of 26 pial venous por tions with resting diameters between 80 and 498 !Lm exhibited a significant constriction with IO-L 10-:1 M norepinephrine solutions. The mean percentage constriction with 10-3 M norepinephrine solution was 22% from resting diame ter.
Pial arterial vessels show a-receptor-mediated constrictions both in vitro (Edvinsson, 1975) and in vivo when norepinephrine was applied from the perivascular side (Wahl et aI., 1972; Wahl, 1975, 1977) . The morphological basis for such neuro-effector transmission has been given by the demonstration of perivascular noradrenergic nerve fibres (Nielsen and Owman, 1967; Iwayama et aI., 1970; Nelson and Rennels, 1970; Edvinsson et aI., 1972) . After first incidental observations of Forbes and Cobb in 1938, pial veins were re cently demonstrated to constrict significantly more than pial arteries during cervical sympathetic stim ulation (Auer and Johansson, 1980; Auer and Jo hansson, 1981a -c ) . This pial venoconstriction during sympathetic stimulation could be due to (1) passive venous collapse as a consequence of a de creased intravascular pressure during constriction on the arterial side or (2) active contraction of pial venous smooth muscle cells induced by a release of norepinephrine from nerve fibres located around the pial veins. The question of which of these mech anisms is effective can be solved by perivenous microapplication of norepinephrine. This issue may be relevant for a better understanding of the possi ble influence of the sympathoadrenergic system on the regulation of cerebral blood volume.
MA TERIALS AND METHODS
Five cats were anesthetized with 40 mg/kg a chloralose, tracheotomized, immobilized (gal lamine, 15 mg/kg/h, i. v .), and artificially ventilated with room air. End-tidal CO 2 concentration and arterial blood pressure were monitored. An intrave nous infusion of 2.5 mllkg/h of Tyrode's solution was given. Body temperature was kept between 37 and 38°C. An open cranial window was made parietally, the dura opened and reflected, and the pial surface protected by a layer of 1 -2 cm of paraffin oil. Using the micro application technique (Wahl et aI., 1972) , 10-9-10-3 M norepinephrine hydrochloride (Arterenol®, Sigma) in artificial CSF was administered to 26 pial venous portions. The solution had the following composition: Na+, 156 mM; K+, 3 mM; Ca 2 +, 1.5 mM; HC03, 15 mM; Cl-, 147 mM; pH 7.28. To prevent autoxidation of norepinephrine, all solutions were bubbled with 95% N 2 and 5% CO 2 (equilibrated with water). In addi tion, each microinjection pipette was filled with the corresponding mock CSF immediately before mi croinjection. This mock CSF, 1-4 /Ll, was injected over 1 min. Photographic documentation was peJ; formed with a Wild-Heerbrugg stereozoom micro scope equipped with a photographic camera. Photographs were taken before and 20, 40, and 60 s after starting the injection of the test solution. Pre injection resting diameters of the 26 pial veins ranged between 80 and 498 /Lm (mean, 242 /Lm). Venous reactions to topical norepinephrine were calculated as a percentage of resting diameters, and they were evaluated statistically by analysis of vari ance. The mock CSF, which served as the solvent, had a mean dilating effect of 1.7 ± 2.9 (SEM) %. For the presentation of the data in the figures, this effect was subtracted from the respective norepi nephrine effect. Six veins in which the solvent itself induced a reaction of more than ± 10% of control were not included in the results, although their reactions to norepinephrine were comparable to the reactions reported here. In order to obtain informa tion about the general reactivity of the brain ves sels, the reactions of pial arteries to acidic and al kaline mock CSF (Kuschinsky et aI., 1972) were tested before and several times during the experi ment. The pial arteries showed the well-known con striction to alkaline solutions and dilatation to acidic ones.
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RESULTS
Figures 1 and 2 show the mean venous reactions
to the different concentrations of perivascular nor epinephrine. In Fig. 1 the concentration-response curve of the mean values is shown. Constriction started at 10-7 M norepinephrine and was maximal at 10-3 M, amounting -21.8 ± 2.1%. Venous con striction was statistically significant at norepineph rine concentrations of IO-L 10-3 M when compared to the reaction to the solvent itself (p < 0.01). Fig  ure 2 depicts the constriction response at 20, 40, and 60 s after starting the injection of norepinephrine: constriction was always strongest after 60 s; at 10-3 M norepinephrine, the 40-and 60-s reactions were identical.
DISCUSSION
The present data demonstrate pial venoconstric tion to perivascular norepinephrine and therefore support the hypothesis that pial veins do actively constrict to cervical sympathetic stimulation rather than collapse due to pial arterial constriction. This is in accord with the initial observation of Forbes and Cobb (1938) . Stronger constriction of large compared to small vessels fits with the previous ex periments showing pial venoconstriction during cervical sympathetic stimulation (Auer and Johansson, 1980; Auer et aI., 1981a-c ) . The degree of pial venous constriction to perivascular norepi- nephrine can be compared to the degree of pial arte rial constriction obtained in a former series under comparable experimental conditions (Kuschinsky and Wahl, 1977) . Although a direct statistical com parison cannot be performed, since different con centrations of norepinephrine were used, it can be stated that the percentage reactions of pial arteries and veins are in a comparable range. Our studies accord well with parallel studies performed using the same technique by Edvinsson et al. (1981) . These authors even claimed a slightly higher sensitivity of veins to norepinephrine. These data hence support the present view that the sympatho-adrenergic system may play a role in the regulation of cerebral blood volume via control of the cerebral venous tone.
